Purpose: To compare vision-related quality-of-life measures between children wearing orthokeratology (OK) contact lenses and distance single-vision (SV) spectacles. Methods: Subjects 6 to 12 years of age and with myopia of 20.75 to 24.00 diopters and astigmatism less than or equal to 1.00 diopters were prospectively assigned OK contact lens or SV spectacle correction. A pediatric refractive error profile questionnaire was administered at 12-and 24-month intervals to evaluate children's perceptions in terms of overall vision, near vision, far distance vision, symptoms, appearance, satisfaction, activities, academic performance, handling, and peer perceptions. The mean score of all items was calculated as the overall score. Additionally, parents/guardians were asked to rate their child's mode of visual correction and their intention to continue treatment after study completion.
with contact lenses in comparison to adults, such as decreased capacity for children to care for contact lenses, more fitting and training time, and inferior risk-to-benefit ratio. Possibly as a result of the latter, children with refractive errors have traditionally been corrected with spectacles, despite many reports of successful contact lens wear in children and adolescents with gas-permeable, soft, and orthokeratology (OK) contact lenses. [1] [2] [3] [4] [5] [6] [7] [8] Studies have shown increasing numbers of contact lenses fitted to individuals younger than 18 years. 9, 10 Furthermore, in comparison to teenagers, it has been shown that children require the same fitting and aftercare time and only 15 additional minutes of training in lens insertion and removal. 11 Vision-specific quality of life questionnaires can be used to quantify the benefit of using contact lenses. 1 Generally, such surveys have been developed to undertake assessments in adults [12] [13] [14] and therefore might be of limited value in children as often items refer to adult-related tasks such as, for example, driving. The pediatric refractive error profile questionnaire has been specifically designed to assess children's vision-specific quality of life. 1, 15 The questionnaire has shown significant improvements in visionspecific quality of life in children wearing contact lenses in comparison to children wearing spectacles, particularly in areas related to limitations in activity, appearance, and satisfaction with the correction. 1, [15] [16] [17] Although other studies have compared similar aspects of vision-related quality of life between adults wearing soft and OK contact lenses, 18, 19 none has compared children wearing OK contact lenses and spectacles, despite the growing evidence that OK contact lens wear can control myopia progression in children. [20] [21] [22] [23] As, worldwide, OK contact lenses now constitute a relatively large proportion of all contact lens fittings in patients younger than 18 years, 10 it is important to understand how their performance and subjective acceptance compare with those for spectacles; the purpose of this study was to compare vision-related quality-of-life measures between children wearing OK contact lenses and distance single-vision (SV) spectacles.
MATERIALS AND METHODS
This study was part of the Myopia Control with Orthokeratology Contact Lenses Study designed to assess the safety, efficacy, and subjective acceptance of OK contact lenses versus distance SV spectacles in white European myopic children for a 2-year period. [23] [24] [25] Methods have been described in detail elsewhere. 24 In brief, normal, healthy white European subjects 6 to 12 years of age with moderate levels of myopia (20.75 to 24.00 diopters [D]) and astigmatism (#1.00 D) and free of systemic or ocular disease were recruited for this study and prospectively assigned OK contact lens or SV spectacle correction. After an unbiased account of the advantages and disadvantages of OK contact lens and SV spectacle modes of vision correction, parents or guardians chose one of the two treatment modalities available.
Spectacles or contact lenses, contact lens care solutions (for the OK group only), and full ocular examinations were provided free of charge to all subjects throughout the study. Full informed parental consent and child assent was obtained before the start of all experimental work and data collection. Patient participation in the study could be discontinued at the examiner's discretion should significant symptoms or slitlamp findings occur. Subjects were instructed that they could withdraw from the study at any time.
The study was conducted in accordance with the tenets of the Declaration of Helsinki and approved by the Institutional Ethical Committee Review Board of Novovision Ophthalmology Clinic.
At the recruitment session, all subjects underwent a full anterior eye biomicroscopy, indirect fundus microscopy, binocular vision, and refractive evaluation to elucidate whether they were eligible to participate in the study; baseline study measurements were then recorded in eligible subjects.
Subjects in the SV group were prescribed distance SV spectacles having the highest positive spherical power consistent with optimum visual acuity and asked to wear the spectacles at all times. Subjects in the OK group were fitted with Menicon Z Night contact lenses using Menicon Easy Fit Software (Menicon, Co, Ltd, Nagoya, Japan). After initial contact lens fitting, all contact lens subjects were instructed on procedures for insertion, removal, and cleaning/disinfection on the first day and instructions were reinforced at subsequent visits. Subjects were provided with MeniCare Plus multipurpose solution for the daily cleaning, rinsing, and disinfecting of their contact lenses and Menicon Progent intensive cleaner for use once a week (Menicon, Co, Ltd).
Subjects in the OK trial were informed that contact lenses should be inserted everyday just before going to sleep and removed immediately on waking the following morning. Subjects were requested to attend no later than 2 hours after lens removal on the morning after the first night of lens wear; the requirement also applied to all subsequent visits. A subsequent visit was scheduled 3 weeks later to ascertain whether the contact lens fitting was clinically acceptable; otherwise, new contact lens specifications were calculated and ordered. Subjective refraction was undertaken to ascertain whether changes in contact lens' back surface design were required to correct a change in refraction. A successful OK contact lens fit was considered to be that which after 3 weeks of lens wear showed CCLRU anterior eye signs less than or equal to 1 unit, 26 a "bulls eye" corneal topography pattern and monocular and binocular distance spectacle visual acuities within 61 line of the best-corrected decimal acuity.
It was made clear to all OK subjects that contact lenses should be removed if any problems were experienced. Subjects and their parents/guardians were instructed on steps to take in the event of an adverse reaction and instructed at length to assure adherence to the study protocol; compliance was monitored closely by one of the authors (C.V.-C.). Subjects from both study groups were instructed to report to the clinic immediately should a reaction appear to be abnormal (e.g., red eye, pain, unusual discomfort or eye secretions).
After initial enrollment, subjects were followed at 1-, 6-, 12-, 18-, and 24-month intervals. Follow-up visits were scheduled to fall within 2 hours of awakening. A decrease in one line of visual acuity accompanied by a change in subjective refraction 27 at any of the follow-up visits was considered clinically significant and was remedied by supplying contact lenses or spectacles made to the new prescription.
The pediatric refractive error profile survey was used to compare the vision-specific quality of life between children in the OK and SV groups at the 12-and 24-month visits. 1, 15 The survey consisted of 26 statements scored from 1 (poor quality of life) to 5 (good quality of life), then scaled from 0 to 100 by subtracting 1 from the raw score of each question and multiplying by 25. The mean score of all items was calculated as the overall score. The survey included 11 scales: overall vision, near vision, far distance vision, symptoms, appearance, satisfaction, activities, academics, handling, peer perception, and overall score. These surveys were identical for both study groups apart from the words "contact lenses" and "spectacles" being interchanged depending on the participating study group. Two additional questions (numbers 27 and 28) were added to the handling scale:
27. The habitual handling of my contact lenses/spectacles is normally done by my parents.
28. I usually perform the handling of my contact lenses/spectacles.
The surveys were requested to be answered by the children, and parents/guardians were asked not to participate.
The following two supplementary questions were also included in the survey to be answered by the parents/guardians: 1. I think orthokeratology contact lenses/spectacles are an excellent method of visual correction. 2. Once this study is finished, I intend to continue offering this method of visual correction to my child.
Statistical Analysis
Statistical analyses were conducted using SPSS 15.0 (SPSS, Inc, Chicago, IL). The level of statistical significance was taken as 5%. Differences between groups over time in vision-related quality-oflife measures in children and in parents/guardians' acceptance of the treatment options were assessed using repeated measures analysis of variance. Visual correction type (i.e., OK contact lenses vs. SV spectacles) was chosen as the factor of interest and time as the repeated measure. Equality of variances and sphericity were tested using the Levene and Mauchly tests, respectively. Data are expressed as mean 6 standard deviation.
RESULTS
Sixty-nine subjects were initially recruited for the study, but eight subjects could not be enrolled because they failed to meet the inclusion criterion for refraction. Thirty-one subjects were prospectively allocated to the OK trial and 30 to the SV trial. No statistically significant differences were found in any of the baseline demographics and refractive and biometric data between groups. 24 Furthermore, the distributions of spherical and cylindrical refractive errors were similar between the 2 groups ( Figs. 1 and 2 ). Two and 6 children from the OK and SV groups, respectively, discontinued the study. In the OK group, one child discontinued the study at 6 months and another child at the 18-month follow-up visit. In the SV group, 3, 2, and 1 children discontinued the study at the 6-, 18-, and 24-month follow-up visits, respectively.
Children wearing OK rated overall vision, far distance vision, symptoms, appearance, satisfaction, effect on activities, academic performance, handling, peer perceptions, and the overall score significantly better than children wearing SV spectacles ( Fig. 3 , all P,0.05). Near vision and handling were, respectively, rated better (P,0.001) and similar (P=0.44) for SV spectacles in comparison to OK contact lenses. No significant differences were found between 12 and 24 months for any of the subjective ratings assessed (all P.0.05).
Parents/guardians of children wearing OK contact lenses rated visual correction method and intention to continue treatment higher than parents/guardians of children wearing SV spectacles (Fig. 4 , both P=0.01), but no significant differences were found over time.
DISCUSSION
The results of the study show significantly better vision-related quality of life in children wearing OK contact lenses in comparison to children wearing SV spectacles for all survey scales, with the exception of near vision and handling that were, respectively, rated better and similar for SV spectacles in comparison to OK contact lenses. The latter is in agreement with previous studies that found increased vision-related quality of life in children wearing soft contact lenses in comparison to spectacles. 1, 15 Orthokeratology contact lenses have also been reported to be preferred to soft contact lenses in an adult population with regard to limitations on activity, symptomatology, and dependence on correction, whereas soft contact lenses have been preferred over OK contact lenses in terms of glare. 18, 19 Furthermore, when subjects of the study of Lipson et al 19 were questioned on completion whether they preferred OK or soft contact lenses, 67% of the respondents reported a preference for OK contact lenses. The preference for contact lens wear in comparison to spectacle lens wear might be the result of spectacle lens wear being associated to introversion, 28 anxiety, 29 and less attractiveness. 30 Better overall and far distance vision was found with OK contact lenses in comparison to spectacles in this study. Orthokeratology contact lenses have been shown to provide similar visual acuity levels than spectacle lens wear. 31 However, it appears that OK contact lenses might provide better correction of peripheral vision 32 than spectacle lens wear. 33 That near vision was worse for OK contact lenses versus SV spectacles might be related to how OK contact lenses correct refractive error. Typically, OK contact lenses are fitted to overcorrect refractive error to account for the diurnal regression of corneal power and shape and thus myopia. 34 It is, therefore, possible that the greater amount of accommodation exerted for near tasks might alter the normal profile of oculomotor responses for sustained near vision.
Most survey scales were rated significantly better with OK contact lenses in comparison to SV spectacles, particularly those related to symptoms, appearance, and effect on activities, 18, 19 a finding that might be because of the freedom from lens wear and perceived enhancement of cosmetic appearance that overnight OK contact lens correction allows during the day.
The fewer symptoms and less dependence on correction found with OK contact lenses in comparison to SV spectacles agree with previous reports 18, 19 and are likely to be related to the fact that OK contact lenses were worn overnight and removed in the morning.
The better rating of academic performance with OK contact lenses in comparison to SV spectacles could be attributed to a failure of children allocated to SV spectacles to actually wear their spectacles during school and homework time. On the contrary, subjects allocated to OK contact lens wear were provided with adequate visual acuity for the rest of the day on lens removal. Similar ratings were found between both treatment groups with respect to handling. Numerous studies have shown children to be capable of successfully handling all types of contact lenses, including soft, gas-permeable, and OK contact lenses. [1] [2] [3] [4] [5] [6] [7] It is often assumed that spectacles are easier to handle in comparison to contact lenses. However, similar ratings of handling have been reported between children wearing soft contact lenses and spectacles. 15 Furthermore, OK contact lenses are normally handled on fewer occasions (i.e., before going to sleep and on awaking) than spectacles, which can be handled at various times during the day.
Parents/guardians of children wearing OK contact lenses rated visual correction method and intention to continue treatment 25 The survey scales seem to change during the first 3 months of contact lens wear. 1, 15 That no change was found in any of the survey scales between 12-and 24-month follow-up suggests that both children's and parents/guardians' self-perceptions of OK contact lenses and SV spectacles develop relatively soon after treatment allocation and are maintained over time. Furthermore, self-concept esteem has been reported to change very little over time, even for children as they become teenagers. 35, 36 A limitation of this study was that the pediatric refractive error profile survey used has not been previously validated. However, previous studies have demonstrated the survey to be sensitive in detecting differences in survey scales between children wearing soft contact lenses and spectacles. 1, 15 Another limitation of the study was that survey scales were not assessed at the beginning of the study, and thus, it was not possible to compare changes from baseline to the 12-and 24-month follow-up visit. However, the purpose of this study was to compare vision-related quality-of-life measures between children wearing OK contact lenses and SV spectacles and not changes from baseline.
In summary, this study demonstrates that, in comparison to SV spectacles, both children and parents/guardians respond preferentially to clinical management using OK contact lenses. The significant improvement in vision-related quality of life and acceptability with OK contact lenses is, when coupled with its well-established safety 2, 25 and efficacy in the temporary reduction of myopia, 31 an incentive for practitioners to engage in its use for the control of myopia progression in children. [20] [21] [22] [23] FIG. 3. Vision-specific quality-of-life ratings for the orthokeratology (OK) contact lens (gray) and single-vision (SV) spectacle (white) groups. The plain and dashed bars represent the 12-and 24-month results, respectively.
FIG. 4. Parents/guardians' ratings of their child's method of visual correction and their intention to continue treatment after study completion for the orthokeratology (OK) contact lens (gray) and single-vision (SV) spectacle (white) groups. The plain and dashed bars represent the 12-and 24-month results, respectively.
